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is also invoked by the chamber manager subroutine 77a and 
receives a target, or setpoint, temperature parameter. The 
heater control subroutine 87 measures the temperature by 
measuring voltage output of a thermocouple located in a 
susceptor 12, compares the measured temperature to the 5 
setpoint temperature, and increases or decreases current 
applied to the lamp module 26 to obtain the setpoint tem- 
perature. The temperature is obtained from the measured 
voltage by looking up the corresponding temperature in a 
stored conversion table, or by calculating the temperature 10 
using a fourth order polynomial. When radiant lamps are 
used to heat the susceptor 12, the heater control subroutine 
87 gradually controls a ramp up/down of current applied to 
the lamp. The gradual ramp up/down increases the life and 
reliability of the lamp. Additionally, a built-in fail-safe mode 15 
can be included to detect process safety compliance, and can 
shut down operation of the lamp module 26 if the process 
chamber 15 is not properly set up. 

The above CVD system description is mainly for illus- 
trative purposes and should not necessarily be considered as 20 
limiting the scope of the present invention. Additionally, 
other substrate processing equipment may be employed or 
variations in the above described system such as variations 
in susceptor design, heater design, and others are possible. 
For example, the wafer could be supported and heated by a 25 
resistively-heated platen. The dielectric layer and method 
for forming such a layer of the present invention is not 
necessarily limited to any specific apparatus. 

II. Exemplary Structure 30 

FIG. 2 illustrates a simplified cross-sectional view of an 
integrated circuit 200 according to the present invention. As 
shown, integrated circuit 200 includes NMOS and PMOS 
transistors 203 and 206. Each transistor 203 and 206 com- 35 
prises a source region 212, a drain region 215 and a gate 
region 218. The transistors are separated and electrically 
isolated from each other by a field oxide region 220. 

A premetal dielectric layer 221 separates transistors 203 
and 206 from metal layer 240 with connections between ^ 
metal layer 240 and the transistors made by contacts 224. 
Metal layer 240 is one of four metal layers (240, 242, 244, 
and 246) included in integrated circuit 200. Each metal layer 
is separated from adjacent metal layers by respective inter- 
metal dielectric layers 227, 228, and 229. Adjacent metal 45 
layers are connected at selected openings by vias 226. 
Deposited over metal layer 246 are planarized passivation 
layers 230. 

While the dielectric layer of the present invention may 
find uses in each of the dielectric layers shown in integrated 50 
circuit 200, physical properties of the film such as its low 
dielectric constant and good gap-fill properties make it most 
useful as an insulation layer between adjacent metal layers, 
as shown by IMD layers 227, 228, and 229. Typically, such 
IMD layers are between 0.2 and 0.6 fim thick. As seen in 55 
FIG. 2, in further processing steps, vias 226 that are formed 
in the IMD layers also need to be filled adequately. As 
mentioned above, such IMD layers are often formed of a 
thick composite insulating layer, such as a thick USG film 
capped with a PECVD film, in order to manage stress. With eo 
such thick composite films used as IMD layers, problems of 
filling deep vias in the composite insulating layer may be 
encountered in some applications. 

In the present invention, a halogen-doped silicon oxide 
film, preferably an FSG film, may be formed by a thermal 65 
SACVD process and related apparatus. The thickness of the 
halogen-doped silicon oxide film used for an IMD layer 



depends on the height of the structures forming the gap to be 
filled. In typical applications, the deposited halogen-doped 
silicon oxide film thickness will be sufficient, about 60% of 
the height of the structures, to fill the gaps. As mentioned 
above, it is desirable for films used as IMD layers to have an 
overall low compressive stress. In contrast to thick 
O3/TEOS USG films that have high tensile stress levels and 
require thick PECVD capping films to manage the overall 
intrinsic film stress, halogen-doped silicon oxide films have 
low compressive intrinsic stress and do not require such 
thick PECVD capping films to manage overall film stress 
and prevent film cracking. Instead, a much thinner PECVD 
capping layer (e.g., 1000 A thick in some embodiments) 
may be used in order to produce an IMD layer (made of the 
FSG film and the thin PECVD capping layer) which has an 
overall low compressive stress. Of course, a thin PECVD 
capping layer may be deposited and remain on the FSG film 
to provide the thin composite film with low compressive 
stress, or a thick PECVD capping layer may be deposited on 
the FSG film and subjected to a CMP step to provide the thin 
composite film with low compressive stress. Because the 
capped FSG layer of the present invention is relatively thin 
compared to a thick capped 0 3 /TE0S USG layer, problems 
of filling deep vias in the composite insulating layer are also 
minimized. 

It should be understood that the simplified integrated 
circuit 200 is for illustrative purposes only. One of ordinary 
skill in the art could implement the present method for 
fabrication of other integrated circuits such as 
microprocessors, application-specific integrated circuits 
(ASICs), memory devices, and the like. 

III. Exemplary FSG Film Deposition Using 
SACVD 

An exemplary process for depositing a film of halogen- 
doped silicon oxide film, such as FSG, which is suitable for 
use as an IMD layer having low compressive stress and 
relatively thin film thickness, is discussed below. The 
SACVD thermal process provides an FSG film having good 
gap-fill properties and low tensile stress at low temperatures 
and high deposition rates, according to preferred embodi- 
ments of the present invention. 

The exemplary process deposits a film of FSG using 
triethoxyfluorosilane (TEFS) as a source of fluorine at a 
sub-atmospheric pressure. First, processor 34 controls the 
motor to load the substrate being processed onto susceptor 
12 in vacuum chamber 15 through a vacuum-lock door and 
to move the substrate into processing position 14. In pro- 
cessing position 14, the susceptor and substrate generally are 
positioned about 200-600 mil from the gas distribution 
manifold and are preferably positioned about 250 mil from 
the manifold. 

Once the substrate is properly positioned, processor 34 
sets and maintains the pressure of the reaction chamber 
within a range of about 60-650 torr. Preferably, the pressure 
is maintained within the range of about 200-500 torr, and 
most preferably it is maintained at about 450 torr. Processor 
34 also controls heater 26 to heat the substrate and susceptor 
to a temperature of between about 200-500° C Preferably, 
the substrate and susceptor are heated to a temperature 
within the range of between about 350-450° C. and most 
preferably to about 400° C. This temperature range is 
maintained throughout the deposition. 

A process gas is then introduced into the chamber from 
manifold 11. The process gas includes reactant gases con- 
taining fluorine, silicon, and oxygen. In a preferred 
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